The experiment was conducted to study whether wheat bran (WB) phytase could improve the availability of intrinsic phosphorus (P) in commercial barley-soybean meal diets enough to replace the added inorganic P partly or completely in the diets of growing-finishing pigs (30-100 kg). Performance as well as certain chemical and physical parameters of the tibia and fibula bones were used as criteria for the WB phytase effect. The experiment was conducted using a 2x3 factorial arrangement. The factors were wheat bran (WB) level -either 0 (WB-) or 100 g/kg (WB+), and phosphorus level -high (HP), medium (MP) and low (LP) corresponding to 4.33 g, 2.99 g and 1.64 g digestible P per a feed unit (FU = 0.7 kg starch equivalent), respectively. The measured digestible P contents of the diets were 4.2,4.2, 2.7,2.5, 1.4 and 1.8 g/kg DM, respectively. A content of 2.5-2.7 g of digestible P/kg DM in the diet proved to be sufficient for the whole growing period, but the lowest phosphorus levels led to an impaired growth rate, feed consumption and feed conversion ratio. However, after reaching 60 kg live weight, the pigs on LPWB-and LPWB+ diets were able to grow and utilize feed as effectively as the other pigs. WB at a level of 100 g/kg had no significant effect on the performance, feed conversion ratio or carcass quality criteria of the pigs on any diet. WB phytase showed a positive effect on bone breaking strength on the LP diet.
Introduction
Pig feeds are normally supplemented with expensive inorganic phosphorus (P), although feedstuffs of plant origin would, in principle, contain enough P for growing-finishing pigs. The reason for this is that plant P is poorly available to pigs; until now, the availability has generally been calculated to be only one third of the total P in feed ingredients of plant origin. The low availability of plant P is caused by phytate, the mixed potassium, magnesium and calcium salt of phytic acid, the form in which the main part of plant P occurs.
Microbiologically produced phytase has been found to enhance the digestibility of P and the growth rate of pigs on low P diets in several experiments (NÄSI 1990 , Jongbloed et al. 1991 , 1992 , Beers and Jongbloed 1992 , Näsi and Helander 1993 . Some cereal by-products like rye bran or wheat bran have a high intrinsic phytase activity (POINTILLART 1988) . In a digestibility experiment conducted by POINTILLART (1991) the inclusion of 200 g rye bran per kg of diet increased the availability of phytate P and consequently improved the bone scores. Jongbloed et al. (1991) reported that the presence ofphytase enhanced the P digestibility in wheat from 0.27 to 0.50. In the same experiment, the P digestibility in wheatbran almost doubled due to intrinsic phytase. In addition, the presence of wheat phytase in the diet enhanced the P digestibility of a maize-soyabean meal diet from 0.31 to 0.49.
In Finland, wheat bran is available occasionally in abundance in feed factories and its price is reasonable. Therefore, it is tempting to add it to grower feeds for pigs. This would decrease the feed price both directly as well as indirectly due to its phytase effect, since inorganic phosphorus could then be left out of the diet. Moreover, it would be beneficial to the environment if the P content of pig manure could be reduced. The aim of this experiment was to evaluate whether intrinsic phytase from wheat bran could improve the availability of phytate P in commercial barley-soybean meal diets, thus replacing the added inorganic phosphorus partly or totally in the diets of growing pigs. Performance and certain bone parameters were used as criteria of the wheat bran phytase effect. A digestibility and balance experiment with the same feeds was conducted simultaneously (Helander et al. 1994 ).
Material and methods
A growth trial was conducted with 144commercial crossbred pigs using a 2x3 factorial arrangement, from 30 kg live weight to an approximate live weight of 100 kg at slaughter. Four pigs were placed into each pen and six treatments were randomly allotted among the pens. Each diet was tested on three pens of barrows and three pens of gilts. The animals were group-housed and groupfed in concrete-floor pens. No bedding was used.
The feeds were pelleted (65°C, 4 mm diameter) barley-soybean meal complete mixtures. The factors in diet formulation were WB inclusion (0 or 100 g/kg, later referred to as WB-and WB+), and three P levels -high (HP), medium (MP) and low (LP) corresponding to 4.33 g, 2.99 g and 1.64 g of digestible P per feed unit (FU = 0.7 kg starch equivalent), respectively. Thus, the six diets were: HPWB-, HPWB+, MPWB-, MPWB+, LPWB-and LPWB+. The exact composition of the experimental diets has been presented in connection with a digestibility and balance experiment (Helander et al. 1994) . HP diets were formulated with respect to all nutrients according to the Finnish feeding recommendations (Salo et al. 1990) , while the other diets were formulated correspondingly with respect to all other nutrients except P. The inorganic P source was dicalciumphosphate. The calculated energy value of WB-diets was 0.99 FU/kg (Salo et al. 1990) and of WB+ diets 0.96 FU/kg and the digestible crude protein content was 144 g/FU. The calcium content was calculated to be 8.1 g/FU in all diets. The vitamin D content was 800 IU/kg feed. Pigs were restrictively fed according to weight, using a scale from 1.7 to 2.8 FU/pig/day. The daily feed allowances were checked once a week. The pigs were fed twice a day, and water was available ad libitum. The pigs were weighed at three-week intervals and at the end of the experiment. Feed consumption was recorded daily. Two 'runt' pigs had to be removed from treatment LPWB-in the course of the experiment because of their poor appetite and growth rate from the very beginning of the study. The most likely reason for their poor performance was their inferior quality, not the diet.
The pigs were slaughtered at an average live weight of 100 kg. The carcass weight was recorded at slaughter. The quality grade was determined with Hennessy GP2 equipment based on the thickness of side fat and the area (cm ) of the Longissimus dorsi muscle. In the quality grading, 9 was equal to a meat percentage over 61, 8 to 59-60,7 to 52-58 and 6 to <sl. The tibia and fibula bones were excised per treatment from the left hind leg offour barrows and four gilts of similar weight. The bones were frozen (-18°C) to await chemical and physical analyses. The bones were weighed and the dry matter (DM), ash, Ca and P contents were determined as well as the density of the diaphyses of the fibula bones and the density and breaking strength of the tibia bones. Bone densities were determined by weighing the bones after removing soft tissues and by placing the whole bones into water and record-ing the quantity of water which was replaced by the bones. The weight-to-volume ratio was then calculated. The breaking strength was determined with an Instron Testing Instrument (Model 1112) by recording the amount of force applied at a constant speed of 5 cm/min required to break a 3 cm piece of mid diaphysis when placed in a horizontal position on the support. In DM analysis, small pieces of fibula bones' diaphyses were dried at 105°C overnight. Ash percentage was determinedby placing the dried bones in a 5250 C muffle furnace for 16 hours.
The feeds were analyzed by standard methods (AOAC 1984) . Amino acids were assayed with a Beckman 6300 amino acid analyzer. The ICP-AES method was used in determining the phytic acid content (Plaami and Kumpulainen 1991). In this method the sample was first burned by inductively coupled plasma and the P content was then indirectly measured by atomic emission spectrophotometry. P from feeds and bones was analyzed colorimetrically after dry ashing by using the vanadomolybdate procedure of Tayssky and Shorr (1953) . The Ca contents of the feeds and bones were measured with a PerkinElmer 5100 PC atomic-absorption spectrophotometer. Phytase activity was measured as free phosphate from phytate after incubating the sample in a 0.1 M sodium acetate buffer, pH 5.0, at 35°C for 30 min. A phytase unit (U) is defined as the amount of enzyme that liberates 1 pmol of inorganic P from sodium phytate in one minute. Phytase activity was measured from the main feed ingredients and from the complete feed mixtures.
The data were analyzed by the GLM procedure of SAS (1985) . The following model was used to analyze the gain and carcass data (Snedecor and Cochran 1989): Yjjki |i + Tj + Sj + (T*S)ij + P(T*S)ijk + eijk, where p is the overall mean and T, S and P are the effects of treatment, sex and pen, respectively, and eijk the residual error. A pen was considered as one experimental unit.
The feed consumption, feed conversion and bone data were analyzed using the model: yijk = |J. + T; + Sj + (T*S)ij + eijk, where T and S were as above.
The initial weight was used as a covariate in analyzing the days in the experiment and the final weight in analyzing the carcass weight, the loss at slaughter, the quality score and bone data. The degrees of freedom for treatment effects were further partitioned into single degrees of freedom by using the following orthogonal contrasts: Cl = WB-vs. WB+, C 2 = linear effect of P level, C 3 = quadratic effect of P level, C 4 = interaction Cl x C 2, C 5 = interaction Cl x C3.
Results and discussion

Chemical analyses
The analyzed chemical composition of the experimental diets as well as the P, Ca and phytase contents of the diets and feed ingredients have been presented in detail earlier by Helander et al. (1994) . The P contents in HPWB-and HPWB+ diets were 8.2 and 8.0 g/kg DM, in MPWB-and MPWB+ diets 6.1 and 6.2 g/kg DM, and in LPWBand LPWB-t-diets 4.4 and 4.9 g/kg DM, respectively. The phytic P content of the experimental diets varied from 0.305 to 0.621 of total P, being always higher on WB+ diets. The digestible P content of the diets was calculated by using the digestibility coefficients determined in the previous digestibility and balance experiment (Helander et al. 1994 ). They were 4.2, 4.2, 2.7, 2.5, 1.4 and 1.8 g/kg DM for the different diets. The measured digestible P content of the LPWB+ diet was 0.4 g/kg DM (28%) higher than that of a LPWB-diet. This difference cannot be explained by the differences in the total P contents of the diets, although the LPWB+ diet contained 11 % more P than the LPWB-diet. The difference may rather be due to WB phytase. The phytase activity of the diets was discussed in connection with the earlier digestibility and balance experiment (Helander et al. 1994 ). 
Performance
The performance data of the pigs are shown in Table 1 . The daily gains ranged from 812 to 906 g, being lowest on a LPWB+ diet and highest on a HPWB+ diet. Because the protein content of the HPWB+ and MPWB+ diets was higher than targeted, the pigs on those diets got a higher proportion of protein than the other pigs. However, it is unlikely that this has affected the results because the digestible protein content of all the diets was adequate to ensure a good growth rate for all the pigs (Salo et al. 1990 ).All the pigs ate theirrations well, and thus, got same amount of energy. The inclusion of 100 g of WB per kg of diet did not as such affect the performance of the pigs, although the digestibility of dry matter and organic matter was slightly decreased due to WB (Helander et al. 1994 ). According to Calvert (1991) , adverse effects on performance occur when fibre is fed at levels above 70 to 100 g of the diet, but are unlikely when any fibre source is fed at levels below 50 g in the diet. In the present study the crude fibre content ranged from 44 to 52 g/kg. Newton et al. (1983) reported a slight decrease in gain and a slight increase in feed intake as the WB content of the diet increased from 0 to 100 g or to 200 g/kg of diet. However, these differences were not statistically significant. WB phytase did not show any positive effect on daily gain or feed conversion on LP diets; the growth rate of pigs on a LPWB+ diet was poorest, and the feed conversion ratio as poor as on a LPWB-diet. This was surprising, because the measured digestible P content ofa LPWB+ diet was 0.4 g/kg DM higher than of a LPWB-diet. In addition, larger quantities of the LPWB+ diet were fed to pigs because of its lower energy content. In an experiment with pigs from 11.8kg up to 43 kg, POINTILLART (1991) found the daily gains and feed conversion ratios to improve significantly during the last month of the trial when the diet contained 200 g of rye bran per kg. There was a linear reduction in weight gain (p<0.05), daily feed consumption (p<0.05) and feed conversion ratio (pcO.OOl) with a decreasing P level in the diet. A significant interaction was found between the WB and P level of thediets with regard to daily gain (p<0.05). The daily gain decreased linearly on WB+ diets (p<0.001) and curvilinearly on WB-diets (p<0.05). The examination of periodical daily gains and feed conversions revealed that pigs on LP diets were able to grow and utilize feed as well as the other pigs when they gained more weight. These results are in accordance with the earlier results of Helander (preliminary data). The number of days in experiment were increased quadratically on WB-diets and linearly on WB+ diets (p<0.05), when the P level of the diets decreased. Other researchers (KOCH et al. 1984 , JONGBLOED 1987 , Den Hartog et al. 1988 ) have also reported reduced performance, feed consumption and feed conversion ratios of pigs in LP diets. The performance is further impaired when the Ca:P ratio of the diet is increased (Koch et al. 1984) . A Ca:P ratio exceeding 1.3:1 on low P diets was found to cause a reduction in weight gain, whereas when a high dietary P level was provided, gains did not decline until the ratio exceeded 2.0:1 (Koch et al. 1984) . The present trial confirms these results. No significant differences in loss of weight at slaughter or quality grade of the carcasses could be attributed to the dietary P level or WB addition. Similarly, Cromwell et al. (1970) was unable to find any significant differences in carcass traits due to the P content of the diets.
Bones
No visible leg weaknesses were observed in live pigs on any diet, nor were there any significant differences in tibia weights due to treatments. However, there appeared to be an interaction between dietary P level and WB with regard to fibula weights (p<0.1); the weight decreased quadratically when the P level of the diet decreased but on WB+ diets the dietary P content had no effect on fibula weight (Table 2) . P-deficient diets generally have less of an effect on bone weight in growingfinishing pigs than in young pigs (CROMWELL et al. 1972) .The tibia densities in this study ranged from 1.281 g/cm'' on a HPWB+ diet to 1.342 g/cm 1 on a LPWB-diet. PoiNTILLART et al. (1989) recorded a density of 1.23 g/cm for tibia and 1.22 g/cm for the fibula bone in 60 kg pigs fed diets with 9 g of Ca and 5 g of P/kg. In the present study, the tibia density tended to increase linearly when the P content of the diet decreased. This contradicts other results of Helander (preliminary data). The reasons for this are difficult to explain since the diet compositions were very similar in both trials. The ash content of the fibula bone decreased linearly with a decreasing P level in the diet (p<0.01). No change in the ash content of fibula bones due to P level could be found in the abovementioned earlier trial (Helander, preliminary results) . Jongbloed (1987) reported significantly reduced weight, volume and ash content of the radius bone with pigs on a diet which contained 6.0 g Ca and 4.0 g P/kg DM (Ca:P ratio 1.5) compared to a diet with 6.0 g Ca and 5.6 g P/kg DM (Ca:P ratio 1.07). Moreover, Pierce etal. (1977) have reported a reduced metatarsal bone ash percentage in pigs fed low dietary levels of P.
The P contents of fibula bones decreased quadratically (pcO.001) when the P level of the diet decreased. Thus, the P contents of fibulas were the highest on MP diets, the digestible Ca:digestible P ratio being closest (Helander et al. 1994) to the assumed ideal ratio, 1.6 (suggested by Jongbloed 1987) .In the experiment conducted by Fernåndez (1992) , dietary Ca and P levels did not affect the corresponding levels in bones in pigs. There was a significant dietary WB x P level interaction in bone Ca content: on WB-diets the fibula bone calcium content decreased quadratically (p< 0.01) while on WB+ diets it decreased both linearly (p<0.001) and quadratically (pcO.Ol).
The Ca:P ratios of the bones ranged from 2.22 on a HPWB+ diet to 2.12 on a LPWB+ diet. These figures are in accordance with the preliminary results of another experiment by Helander. De Wilde and Jourquin (1992) reported the Ca;P ratio of the bones to be very constant and independent of the ratio in the feed. Sex had a significant effect (p<0.05) on bone P content in the present experiment: in gilts there was 171.5 g and in castrates 172.9 g P per kg bone ash DM. In a trial conducted by Cromwell et al. (1970) gilts tended to have more ash, Ca and P in the ulna bone than barrows, although the differences were not significant.
The bone breaking strength is indicative of overall bone development, as it is affected by the degree of mineralization(quality) as well as absolute bone mass (quantity) (Pierce et al. 1977) . In the present trial, a WB x P level interaction in the breaking strength of the tibia bones was recorded (p<0.01); on WB+ diets the breaking strength increased linearly (p<0.05) and on WB-diets it decreased both linearly (p<0.05) and curvilinearly (p<0.05) when the P level of the feed decreased. An especially great difference in bone breaking strength was recorded between treatments HPWB-and HPWB+ (108.3 vs. 73.8, respectively) . The growth rate of pigs on a HPWB+ diet was higher (906 g/d) than on a HPWB-diet (865 g/d). A higher growth rate tends to result in a higher retention of P (JONGBLOED 1987) , which is explained by the high concentration of P in body protein (9 g P/kg dry fat-free muscle). It seems that a higher growth rate leads to weaker bones in spite of a higher retention of P. The tibia density was poorer, too, on a HPWB+ diet than on a HPWB-diet (1.281 vs 1.321 g/cm 3 , respectively). On the LPWB+ diet, the breaking strength was much better (100.0 kg) than on corresponding diet without WB (80.6 kg). The measured digestible P content of a LPWB+ diet was higher (1.8 g/kg DM) than that of a LPWB-diet (1.4 g/kg DM). It seems that the positive effect of WB phytase on bone strength is most evident on LP diets. Gilts tended (p>0.05) to have stronger bones than castrates; the breaking strengths were 90.2 for gilts and 78.6 for castrates. In another experiment by Helander (preliminary results), a similar sex effect was found.
In conclusion, 100 g ofWB/kg in barley-soybean meal based diets was not found to have any effect on the growth rate, feed conversion ratio or carcass quality criteria in growing-finishing pigs. Thus, 100 g ofWB/kg can be added to grower feeds ofpigs to reduce feed raw material costs. 6.1 -6.2 g total P/kg DM (2.5-2.7 g digestible P/kg DM) in the diet was enough for slaughter pigs from 30 kg to 100kg live weight, while 4.4-4.9 g P (1.4-1.8 g digestible P) per kg DM led to impaired overall growth rate, feed consumption and feed conversion. The P supply was necessary especially during the grower phases 46 Agricultural Science In Finland 3(1994) (30-60 kg) but finishing pigs were able to grow well without any additional P supply. No signs of leg weaknesses were observed in live pigs on any diet. WB phytase seemed to have a positive effect on bone breaking strength on a low P diet, but it appears that the use of 100 g ofWB/kg feed due to its phytase effect in order to improve the performance and feed conversion of growing-finishing pigs on low P diets is not of any great value.
